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Abstract:  
The stone bracelets are one of the most outstanding elements of personal ornaments of the 
ancient Neolithic in Western Mediterranean and the South of the Iberian Peninsula (5500-4800 cal. 
BCE). These bracelets are considered an element of cultural identity and a chronological marker of the 
first Neolithic societies in these areas. The study of the production processes of this ornament has 
brought a new approach to social relations of the early Neolithic groups of this area. The existence of 
specialized workshops and the circulation of these objects show the shift towards more complex social 
organizations. The aim of this paper is to present knapping methods and techniques carried out in the 
Neolithic bracelets quarry of the Cortijo Cevico. This quarry has recently been discovered and 
excavated, and it is the first site of its kind in the Iberian Peninsula. It is a rocky outcrop in the 
geological formation of Trías de Antequera, formed by dolomitic marbles. On this site we carried out 
the extraction works, as well as the first transformation of the knapping performs that were going to be 
processed as bracelets. In addition, we have applied for the first time in this paper the methodology 
consists on using diacritical schemes in the knapping waste of the bracelets. This methodology, along 
with experimentation and technical stigmas, has allowed the recognition of the techniques and 
methods applied to knapping dolomitic marbles and these are presented for the first time in this paper.  
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1. Introduction 
The stone bracelets are one of the ornaments associated with the first Neolithic societies 
of the Western Mediterranean. These ornaments, and cardial and impressed ceramics are 
characteristic of these cultures. This phenomenon, that is the use of these ornaments, extends 
over different geographical areas of Europe: Northern Italy (Michelli 2012; Pétrequin et al. 
2015), the French coast and the interior of France (Fromont 2013; Pailler 2007). In the Iberian 
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Peninsula, the concentration of stone bracelets and their production contexts are located in the 
South as the original focus, and the Levant as the second geographical unit in the use of these 
ornaments. The chronology of stone bracelets in the Iberian Peninsula is similar to that of 
other cultural contexts of the Western Mediterranean. The bracelets appear during the Early 
Neolithic in different areas of Iberia with its peak in the Epicardial Neolithic, and it 
disappears in the Late Neolithic with the construction of the first megalithic monuments. In 
calibrated dates, the stone bracelets appear between the 5500-4800 BCE, being its maximum 
representation from 5300-5200 BCE (Martínez-Sevilla 2016: 497). 
The waste out of the bracelets production is common in the workshop where they were 
elaborated (Martínez-Sevilla 2010; Martínez-Sevilla & Salmerón 2014). However, the 
extraction quarries of raw materials are not recognizable so easy. In the case of France, with a 
long tradition in studies of prehistoric technology, only one quarry of this type has been 
documented (Fromont et al., 2006). It is an outcrop of schist, where the extraction and 
conformation of preforms, was carried out. The second example is the quarries of green 
stones (jade, serpentinite and amphibolite) located in the surroundings of the Mount Viso in 
the Italian Alps (Pétrequin et al., 2015). In this sense, the quarry of Cortijo Cevico is the only 
example of this type of site documented in the Iberian Peninsula at the moment. In this 
dolomitic marble quarry the extraction of the raw material and the knapping of preforms was 
conducted, that are the first step of bracelets production. The location of a quarry destined 
exclusively to the production of bracelets highlights the importance of these ornaments for 
this period. On the other hand, the study of the material record of the quarry has allowed us, 
for the first time, to classify different kinds of wastes relating to the early stages of bracelets 
production. The technological analysis of this waste has brought the identification of the 
knapping techniques and methods on a raw material never studied before in Western Europe. 
 
1.1. The quarry of Cortijo Cevico: Geographical, geological and archaeological context 
The quarry of Cortijo Cevico is located together with the highest concentration of sites 
with stone bracelets in the Southern of the Iberian Peninsula. This quarry is situated in the 
central part of Genil River basin in a pivotal point between the leading densities of bracelets 
(Figure 1). Given the nature of the quarry it has been impossible to date it by absolute 
chronology. However, its use must be restricted to the chronological distribution of the stone 
bracelets phenomenon. The few absolutes dates of bracelets workshops are located in 
chronologies from the 6th to 5th millennium BCE (Table 1).  
The outcrop is located in the West of Granada, about four kilometres (to the West also) 
away from the village of Ventorros de San José (Loja), on Genil River right bank at the peak 
of the fluvial basin. The site is occupied by oaks and bushes and surrounded by olive trees 
(Figure 2.A). This is an area of grazing that has not been used for agriculture. From the 
geological point of view, the quarry is located in the northernmost part of the so-called Trías 
de Antequera. These geological materials are part of the triassic outcrops of the Subbetic, in 
the central sector of the outer zone of the Betic Cordillera. In Trías de Antequera, it appears a 
set of materials formed by a diapiric process (Foucault 1966; Pérez-López & Pérez-Valera 
2003; Sanz de Galdeano et al., 2008). This process generates the megabreccia of evaporitic 
rocks (gypsum complex), where it can be found inserted clasts and blocks from other Triassic 
units (sometimes not even Triassic), distinguished by a tectonic foliation in a matrix rich in 
gypsum. In Trías de Antequera, contrary to other Subbetian Triassic units, we can find 
decametric blocks from a variety of lithologies (mainly metamorphic rocks). These lithologies 
are exotic regarding to units from Triassic age. Fundamentally, these units of Triassic age of 
‘Germanic facies’ are widely exposed in the NE-SW corridor, from Loja (Granada) to 
Antequera (Malaga). It consists of evaporitic rocks (gypsum, anhydrite and salt) and, to a 
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lesser extent of carbonated rocks attributed to Cehegín Formation (Ladainian) and Zamoranos 
Formation (Norian), along with detrital siliciclastic units and belonging to the Keuper facies 
(Jaén Keuper Group) of the Kamian age (Pérez Valera 2005). 
 
 
Figure 1. Situation of the quarry within the general context of stone bracelets and workshops. 
 
Table 1. The most representatives absolute dates of the bracelets workshops in the south of the Iberian Peninsula. 
Bracelets 
workshop Reference Date (BP) 
cal. 1 σ 
(BCE) 
cal. 2σ 
(BCE) Type Bibliography 
Cueva de los 
Mármoles 
Beta-313471 6250±40 5303-5211 5315-5202 Cereal (Peña-Chocarro et al. 
2013) 
Cueva de los 
Mármoles 
WK-25171 6198±31 5169-5074 5228-5049 Cereal (Peña-Chocarro et al. 
2013) 
Cueva de los 
Mármoles 
Beta-313473 6180±30 5173-5072 5219-5038 Cereal (Peña-Chocarro et al. 
2013) 
Cueva de los 
Mármoles 
WK-25171 6198±31 5169-5074 5228-5049 Cereal (Carvalho et al. 2010) 
Cerro Virtud Beta-101424 6160±80 5214-5006 5306-4908 Charcoal (Ruiz & Montero 1999) 
Cabecicos 
Negros 
Beta-347627 6530±30 5158-5044 5196-5000 Seashell (Cámalich & Martín 
2013) 
Cabecicos 
Negros 
Beta-336255 6470±30 5061-4958 5142-4917 Seashell (Cámalich & Martín 
2013) 
Cabecicos 
Negros 
Beta-336258 6340±30 4903-4805 4952-4760 Seashell (Cámalich & Martín 
2013) 
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Figure 2. Geographical and geological context of the quarry. A. The outcrop situation in the basin of Genil; 
B. The outcrop aspect in the cutting of a path; C. Aspect of dolomitic marble after polishing and D. Surface of 
the quarry. 
 
Between these triassic materials, there are also included various outcroppings of volcanic 
and subvolcanic rocks of basalt, dolerite and ophites type (Morata & Puga 1993). As we 
stated above, we have identified the existence of exotic blocks, many with a low grade of 
metamorphism (prehnite-pumpellyite zone). The metamorphism can be observed in green 
sub-schist and, in some cases, the greenschist facies. However, some of the blocks with white 
ribbon marbles can present a higher grade of metamorphism (Perez-Valera et al., 2011). 
The site of Cortijo Cevico is part of Complex Gypsum and specifically a tectonic 
melange characterized by a set of blocks included in the matrix of gypsum (Figure 2.B). 
These exotic blocks could be related to both, Alpujárride and Maláguide Complex, or even to 
the frontal units (i.e. Unit of Pereila) within the Internal Zones of Betic Cordillera (Perez-
Valera et al., 2011). This outcrop has an extension of 4500 m2 approximately. 
The texture of these marbles is crystalline with a slight foliation and black and white 
veining. This foliation is not widespread in the whole rock. It is more compact and 
homogenous in between the laminations whose appearance can be comparable to a marble 
texture. The dolomite blocks degrade more easily, influenced by external geological agents, 
hence, their aspect in the outdoor materials is much more different than those in the fresh 
fractured rock or just polished (Figure 2.C). The archaeological record on the outcrop is 
formed by the remains of the raw materials extraction, the elaboration of the supports, the 
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knapping of the preforms, and the hammers used in these activities. The outcrop surface is 
covered with remains of knapping, debris and blocks used for the extraction of the supports 
(Figure 2.D). 
 
2. Material and methods  
The work performed in the quarry has been the intensive surface prospection and the 
excavation of two trenches following the natural slope of the outcrop. The excavation carried 
out in the trenches developed one in the lower part of the outcrop with 1x4 meters and another 
at the top with 2x4 meters (Figure 3). The prospection and excavation of the quarry has 
allowed us to document and to analyse a set of 442 preforms (Figure 4), 23 hammers and 851 
technical pieces (flakes, knapping blocks and wastes).  
 
 
Figure 3. Superficial prospecting and two trenches excavated in relation with the slope. 
 
The methodology used for the study of this material is based on the lithic technology, 
traceology, morphometry and experimentation as a reference (Baena & Cuartero 2006; Odell 
2004; Pelegrin 1990; Tixier et al., 1980: 29).  
The experiments carried out have been knapping the preforms using the same raw 
material and hammers as those found in the quarry (Pelegrin 2011). The study of technical 
stigmas generated in the experimentation has been used parallel to its recognition in the 
archaeological remains (Figure 5.1). Likewise, the preforms knapping has allowed us to 
appreciate those needed skills for their elaboration and different breaks produced during this 
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process (Figure 5.2). Experimental work in this kind of rock has not been done either from a 
quantitative or qualitative point of view, when focusing on the technological aspect. 
 
 
Figure 4. Schematic explanation of the use of preforms to make bracelets. 1. Preform nearly finished and 
2. Example of finished stone bracelet (settlement Cortijo Higuera Alta). 
 
 
Figure 5. Experimental knapping of dolomitic marble. 1. Technical stigmata and 2. Example of knapping fail. 
 
In the archaeological preforms, the reconstruction of the knapping scheme was 
performed by analysing diacritical schemes (Dauvois 1976). The analysis with a diacritical 
reading is based on the application of morphological and techno-mechanical criteria of the 
knapping object. Likewise, the organization and hierarchy of the removals can be recognized, 
as well as deducing the knapping scheme. Ordering the removals, we can establish the 
manufacturing process carried out in the elaboration of the object in a chrono-consequential 
way. Thus, identifying the criteria that allow orienting the removals and their overlays help us 
to reconstruct objectively the knapping series and to discern behavioural patterns. The 
elaboration of diacritical schemas is fundamental for the analysis of knapping tools, which 
global lecture as a whole allows us to interpret the reduction sequence and the chaîne 
opératoire at large scale (Shott 2003). Diacritical schemas represent the hierarchical chain of 
the scars preserved on the tool, and they are grouped into chromatic series where each colour 
defines different actions during knapping. This method of analysis has traditionally been 
applied to Paleolithic lithic assemblages (Baena et al., 2010; Baena et al., in press; Claud 
2008;  Chevrier 2012; Delagnes et al., 2007; Mourre 2003; Soriano 2000;) that have defined 
technological complexes that structure this period (Boëda et al., 1990; Boëda 1993; 
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Bourguignon 1996; Delagnes 2000; Forestier 1993; Soressi 2004). In this studied case 
analyzed through a diacritical reading, the lithic analysis allows knowing what schemes and 
knapping techniques were employed to reduce the supports. In addition, it highlights the 
cultural significance of the analyzed produced because they are the result of a propositional 
reflection and voluntary on the decision in favor of a particular method (Pelegrin 1990).  
Along these lines, we must understand lithic reduction processes as a necessary 
combination of a correct execution and knapping skill, where the two are indissolubly linked 
(Nonaka et al., 2010: 157). The ability to control all the factors involved in the execution of 
the knapping (knapping the surface shape and its relationship to the percussion platform, 
angle hitting, employed force and speed, weight and quality of the hammer, physical qualities 
of the raw materials, etc.) allows recognizing the knappers’ expertise (Castañeda 2014: 342). 
The use of this broad methodology in the Neolithic bracelets quarry is a great innovation 
because it is the first time that it is developed in the Iberian Peninsula and because of this, it 
opens a new research line. 
 
3. Results 
3.1. Characterization the material remains of the bracelets quarry 
The superficial prospecting and excavation of the quarry has allowed us to identify the 
corresponding residues of quarrying activities and knapping. The studied material can be 
classified into the following categories: 
• Preforms: These belong to the first stage of the elaboration of bracelets (Martínez-Sevilla & 
Maeso 2011; Martínez-Sevilla 2013). The preforms are those left in the transformation 
process and they have not been used for some reason. We have divided them into five groups 
according to the cause of abandonment: 1. Medially fracture (Figure 6.1), 2. Longitudinal 
fracture (Figure 6.2), 3. Medially-longitudinal fracture, 4. Exceeded strike (Figure 6.3) and 5. 
Unviable preforms (Figure 6.4). 
• Hammers: they are the only tools documented in the quarry. The most frequent lithology is 
the ophite and the marble found in the outcrop (obtaining the same percentage of ophite and 
marble as row material) and the only one element related with percussion is flint. The 
elements for percussion can be classified according to their weight into three groups: large 
size with more than 5000 g (Figure 7.1), albeit just one example of this type has been located; 
medium sized, weighing between 1000 and 2000 g (Figure 7.2); and the most common, small 
with less than 1000 g (Figure 7.3). 
• Waste from the extraction and processing. At the same time, this group can be divided into: 
• Knapping blocks: they can be considered core for the extraction of large flakes, from which 
the preforms are worked. 
• Large flakes: they are one of the supports to make preforms (Figure 8.1). The large flakes 
documented are those that did not meet the necessary characteristics for its transformation. It 
is extracted through projecting percussion. The dimensions of the flakes vary; the length can 
be in between 10 and 15 cm and their width oscilates between 10 and 20 cm, while the 
thickness is 4 to 6 cm. The stigmas of knapping are marked and developed pseudo-bulbs. 
However, in many cases the bulb is not perceptible by the type of fracture in split. The 
presence of fracture type Siret is frequent because of the violent and perpendicular percussion. 
• Waste roughing: it consists of waste generated in the removing process of large flakes or the 
processing of natural blocks. They do not have a particular morphology or technical marks of 
knapping on many occasions. 
• Knapping wastes: in this group the most characteristic element is the flakes product of 
knapping the preform. These can be classified into two types: percussion flakes, with marked 
bulbs, generally with a bigger width than length between 3 to 6 cm of length, and a 5 to 10 
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mm of thickness (Figures 8.2 and 8.3); and preform flakes (Figure 8.4), where the circular 
curvature is observed and, often, no bulbs or other stigmata of knapping are observed. 
 
 
Figure 6. Different types of preforms documented in the quarry. 1. Medially fracture; 2. Longitudinal fracture; 
3. Exceeded strike and 4. Unviable. (Scale bar is 5 cm wide.) 
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Figure 7. Different types of hammer defined in the quarry. 1. Huge hammer, more than 5kg; 2. Medium hammer, 
between 1 and 2 kg and 3. Small hammer, less than 1kg. (Scale bar is 5 cm wide.) 
 
3.2. Extraction of raw materials 
The extraction of raw material is closely related to the geological context in which the 
crafted blocks appear. At the beginning, the quarry could present a superficial use where the 
removed blocks from the geological context were extracted by natural processes like tectonic 
or erosion. 
The rock is contained in gypsum like blocks, thus the most frequent system was digging 
the geological substrate. This technique has been documented in the excavation of the trench 
2. This technique consists on open pits excavations because the raw material should have 
emerged next to the vegetative cover at the time of the quarry exploitation. The pits are 
between 50 and 60 cm depth and they probably correspond to marble blocks torn from the 
gypsum. We have not documented any tool that could be related to the activity of excavation. 
By analogy with other Neolithic mining contexts of flint in the Iberian Peninsula (Consuegra 
et al. 2007; Capote 2011; Capote Fernández 2013: 262; Castañeda 2014: 27), elements like 
antlers or simple digging sticks could have been used, given the shallowness of the pits and 
type of sediment. 
 
3.2. Obtaining supports and the knapping techniques   
Preforms are knapped mainly by two types of supports: natural marble blocks and large 
flakes. From the totality of the analyzed preforms, a 42% of the material remains 
undetermined regarding the source of the support. However, those determined pieces 
indicated that the supports most used are the large flakes in a 40 % and natural geological 
supports in a 16%. 
The extraction of large flakes must be related to the large knapped blocks by projecting 
percussion with larger hammers. The technique of projecting percussion for the extraction of 
large flakes has been documented for the elaboration of axe heads of ophites in a nearby 
outcrop (Morgado et al., 2013). In the case of marble, being a much softer material, direct 
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percussion is used for its extraction with medium hammers. The method of exploitation of 
large cores is centripetal or a united front.  
 
 
Figure 8. Different types of flakes determined in the quarry. 1. Large flake; 2 and 3. Percussion flakes; and 
4. Preform flake.  
 
We have identified direct percussion as the technique used for knapping the preforms. 
This process could be distinguished thanks to the experiments carried out and the study of the 
hammers and technical stigmas of knapping (Martínez-Sevilla 2010; Martínez-Sevilla & 
Maeso 2011; Martínez-Sevilla 2013). The dolomite marble has textural characteristics with 
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almost conchoidal fracture. However, because of the metamorphism suffered, this marble 
presents planar structures (foliation) and can present fracture planes. 
The direct percussion is carried out with smaller and lighter hammers; hence they are the 
largest set with 18 pieces. The knapping is adapted to make the disc-shaped preforms. The 
percussion is executed obliquely or perpendicularly to the plane of percussion. The oblique is 
45º and it produces removals that form the circular shape, while the perpendicular is 90º and it 
generates preform flakes for slimming down the thickness. Preform flakes can be produced 
also by a discontinuous plane of the dolomite and even potentially a longitudinal fracture of 
the preform. 
 
3.3. The knapping methods 
The reconstruction of knapping methods was based on the study of the abandoned 
preforms during the early stage of transformation. Here, there are some examples of 
diacritical schemes where the main methods of knapping are shown: 
• Preform 463 (Figure 9): determining the type of support from which the preform has 
been configured has not been possible. The knapping is divided into two bifacial alternating 
series on the edges that relate alternately, an ascending and a descending. As it can be seen in 
the profile of the piece, the previous removals are used as striking platforms for the next 
removals. 
 
 
Figure 9. Diacritic scheme of knapping preform No. 463. 
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• Preform 241 (Figure 10): the support is a large flake and the preform has been knapped 
taking the ventral face of it. The knapping is unifacial and it is organized into two centripetal 
ascending series that converge. The knapping is done directly, that is, the plane of percussion 
is always the ventral surface of the flake. 
 
 
Figure 10. Diacritic scheme of knapping preform No. 241. 
 
• Preform 239 (Figure 11): the support is a large flake. The knapping direction is divided 
into two bifacial alternating ascending series converging with each other. Side A is the 
centripetal configuration of the support by thinning and side B, ventral face, is configured by 
extractions that serve as striking platform. 
• Preform 162 (Figure 12): the support is a natural geological tablet. The knapping is 
divided into three separate series. The plane of percussion is the back of the tablet, so it 
cannot relate the series or determine whether the type of knapping is alternative or alternating 
bifacial. So, we have to define them as a series with an independent unipolar character. The 
removals of this series are intended to thinning the tablet and, in turn, to the pre-circular 
configuration of the support shape. 
The most common knapping method is two series of removals. The direction may be one 
series ascending and another descending, ascending or two converging. The knapping of these 
series can be alternated and bifacial in groups of one to five strokes or unifacial, working 
independently each edge. The choice of one or the other is due to the morphology and volume 
of the support and to the intention of slimming the volume of the preform configured circular 
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in shape. In some preforms it was observed the knapping on anvil, placing the preform on a 
support and perpendicular to the percussing edge. This type of technique is less controlled 
than those made with the piece in the hand and it might be related to a lower skill or learning 
processes. 
 
 
Figure 11. Diacritic scheme of knapping preform No. 239. 
 
During the knapping process, the fractures and abandonment of the preforms are 
produced, which are a direct effect of the technical type and the raw material used (Figure 
13). If we consider the discontinuous plane of the dolomite, longitudinal fractures in the 
natural planes should be the most numerous. However, they represent only 9% of the 
preforms abandoned. The low percentage of this group of fractures is determined by a careful 
selection of the homogeneity of the raw material without fracture planes. The most common 
breakage (with a 36 %) is in the central part of the pieces. This is due to the use of direct and 
violent percussion. The second largest group of abandoned preforms are considered in our 
classification as unviable (31%). This percentage of discarded pieces can be related to three 
variables: first, the characteristics of the raw material; second, the impurities or discontinuous 
planes created out of the knapping process, discarding the preform; third, an inadequate size, 
the inability to form a preform with specific measures forces the abandonment. Within this 
group, it can be highlighted how the preforms continue their knapping even if the measures 
and the raw material is not ideal. In this sense, it might develop learning processes in the 
quarry and these preforms are, perhaps, the reflects of this. In general, the set of materials and 
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the knapping stigmata indicate that the artisans were highly skilled in the execution of the 
knapping. Nevertheless, a careless execution is also related to the abundance of raw materials 
and its easy access to it. 
 
 
Figure 12. Diacritic scheme of knapping preform No. 162. 
 
4. Conclusions 
The extraction of raw materials and the first transformation by knapping those circular 
performs that make bracelets was conducted at the Cortijo Cevico. Accumulations of tested 
blocks, preforms and debitage, related to the extraction sites indicate that the elaboration of 
the preforms is synchronously performed to the extraction process. This is documented in 
other archaeological sites for the production of flint artefacts (Capote Fernández 2013: 247; 
Castañeda 2014: 27). The extraction of raw materials and the primary processing by knapping 
is done in the same context. Similarly, the layers of sediment with the extraction remaining 
and the knapping that intersects indicate different times of use in the excavation and the 
quarry.  
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Figure 13. Percentages of the types of fractures or abandonment in the preforms. 
 
The knapping techniques and methods are very homogeneous throughout the totality of 
the studied preforms. The set of materials with knapping traces indicates that the artisans are 
highly skilled in the execution of the knapping process. The ordination of removals, the 
percussion points and the size of the flakes show the knappers’ skill (Adouze & Cattin 2011; 
Brooke 2012; Castañeda 2014: 339; Hovers 2009; Nonaka et al. 2010). However, in some 
cases a careless execution is noted. This can be related to the abundance of raw materials and 
their easy access. 
The use of the quarry should be sporadic and possibly expanded in time frequented by 
human groups of the immediate surroundings. This can be inferred from the absence of other 
materials different from other quarry wastes. Likewise, the absence of remains from other 
phases of the manufacturing process in the quarry must be related to occasional use. The other 
processing steps are documented in settlements (Martínez-Sevilla 2010; Carrasco et al. 2011; 
Martínez-Sevilla 2016). We do not consider the case of Cortijo Cevico intensive exploitation 
for the massive production of preforms. But rather, a place frequented at certain times to 
produce preforms that will be transformed into bracelets in the settlements. This outcrop must 
have been one of the several sites for this purpose around this area. Our expectations are to 
implement the knowledge about other quarries like Cortijo Cevico to contribute building a 
global view of the bracelets phenomenon in the Early Neolithic of the South of Iberian 
Peninsula. 
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